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(54) Aro-maehining power supply wtth switching loss reducing element 


(57) A power supply for perfoniiing arc-machining 
operation includes a primary rectifier (0R1) connected 
to the commercial AC power source (AC) and an inverter 
(TR1~TR4, DR3~DR6) coupled to the lectlfier. A 


switching device (TR5) is provided between the rectifier 
and the inverter. By controlling the power supplied from 
the rectifier to the Inverter, the switching device prevents 
a large switching loss from occumng In the Inverter. 
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Description 

[0001] The present Invention relates to a power sup- 
ply used for performing arc-machining operations such 
as arc welding, arc cutting and plasma arc-machining. 
In particular, it relates to an anc-machlnlng power supply 
that can reduce switching loss incurred when direct cur- 
rent is converted to high-frequency alternating cun-ent 
by a switching device. 

[0002] Fig. 1 of the accompanying drawings Is a circuit 
diagram illustrating a conventional power supply used 
for performing the arc-machining of an object 2 with a 
torch 1 . The sign DR1 refers to a primary rectifier for 
converting the output from the commercial power 
source (AC) to direct current. The sign C1 refers to a 
capacitor for smoothing the voltage of the converted di- 
rect cun-ent. The combination of the primary rectifier 
DR1 and the smoothing capacitor C1 provides the DC 
power source of the illustrated system. 
[0003] The conventional power supply system in- 
cludes an inverter provided by the bridge connection of 
first to fourth switching elements TR1 — TR4. The first 
and the fourth elements TR1 , TR4 malce a first switching 
pair, while the second and the third elements TR2, TR3 
make a second switching pair. For conversion of the di- 
rect current to the high-frequency alternating current, 
the first and the second switching pairs are alternately 
turned on and off in accordance with the first to fourth 
driving signals Tr1 --TrA supplied from a switch driver, or 
Inverter driver SD. 

[0004] When the switching elements TR1— TR4 are 
changed from the on-state to the off -state, a high voltage 
(surge) of the polarity reverse to that of the elements 
TR1'-TR4 may occur. To protect the elements 
TR1 -TR4 from the surge, four diodes DR3-DR6 are 
connected in parallel to bypass the elements TR1 ~TR4. 
A main transformer IfMT, connected to the inverter, is pro- 
vided for changing the primary voltage to a secondary 
voltage suitable for arc-machining. The secondary coll 
of the transfomner INT is connected to a secondary rec- 
tifier DR2 that converts the AC output of the transformer 
INT to direct voltage for the arc-machining. This voltage 
Is supplied via a direct current reactor DCL. 
[0005] An output current detector ID outputs an output 
current detection signal Id. A comparison operator ER 
compares this detection signal Id with an output cun-ent 
setup signal Ir, and produces a comparison signal Er=ir- 
Id. An output controller SC performs PWM (pulse width 
modulation) control, in which the frequency of the pulse 
remains the same, while the width of the pulse Is varied. 
Specifically, based on the comparison signal Er. the out- 
put controller SC controls the pulse width of a first output 
control signal Sc1 (see Sc1 In Fig. 2) and that of a sec- 
ond output control signal Sc2 (see Sc2 in the same fig- 
ure). 

[0006] The switch driver SD outputs first and fourth 
driving signals Tri, Tr4, both of which are Identical, 
based on the first output control signal Sc1 , and also 


outputs second and third driving signals Tr2, Tr3, both 
of which are identical, based on the second output con- 
trol signal Sc2. 

[0007] Fig. 2 is a timing chart showing the relatlon- 
5 ships among the first output control signal Sc1 , the sec- 
ond output control signal Sc2, the first driving signal Tr1 
(which is the same as the fourth driving signal Tr4), the 
second driving signal Tr2 (which is the same as the third 
driving signal Tr3), the superposed collector-emitter 
10 voltage V1 (solid lines) & collector cun-ent id (broken 
lines) of the first switching element TR1 , and the super- 
posed collector-emitter voltage V2 (solid lines) & collec- 
tor current Ic2 (broken lines) of the second switching el- 
ement TR2. 

15 [0008] The wort<ings of the first and the second 
switching elements TR1, TR2 will now be described. It 
should be noted that the third and the fourth switching 
elements TR3 and TR4 behave in the same manner as 
the first and the second switching elements, and there- 

20 fore they will not be discussed below. 

[0009] First, the startup switch TS shown in Fig. 1 out- 
puts a startup signal Ts to the output controller SC. Upon 
receiving the signal, the controller SC outputs the first 
output control signal Sc1 and the second output control 

25 signal Sc2 shifted half cycle relative to the first output 
control signal Sc1 , As shown In Fig. 2, the first and the 
second output control signals Sc1 , Sc2 have pulse du- 
rations T1 and T2, respectively, that are detemilned by 
the comparison signal Er (=lr-ld). 

30 [0010] In general, the switching elements will take a 
relatively long time to change from the on-state to the 
off-state than from the off -state to the on-state. Due to 
this, without taking any countemneasures, the tum-on 
states of the first and the second switching pairs would 

35 overlap, whereby "amn short-circuiting" occurs. To pre- 
vent this, there is an appropriate pause T7 (see Fig. 2) 
between the on-state of the drive signal Tr1 and the on- 
state of the drive signal Tr2. 
[0011] At t=t1 , the switch driver SD outputs the first 

40 drive signal Tr1 and the fourth drive signal Tr4. Upon 
receiving this, the first and the fourth elements TR1 , TR4 
change from the off-state to the on-state. At this time, a 
switching loss (called "turn-on loss" below) occurs, as 
represented by the region Ln1 in Fig. 2. 

45 [0012] At t=t2 (Fig. 2), the switch driver SD, in syn- 
chronism with the first output control signal Scl, turns 
off the first and the fourth drive signals Tr1 , Tr4. Accord- 
ingly, the first and the fourth elements TR1 , TR4 change 
from the on-state to the off-state, which results in the 

so switching loss, or "turn-off loss**, as shown by the region 
Ul . In addition to this, saturation loss (not shown) will 
occur when the first and the fourth elements TRI , TR4 
are operating in the saturation region during the on-pe- 
riod T3. 

55 [001 3] When the above-mentioned pause T7 expires, 
the first and the fourth elements TR1 , TR4, for example, 
change from the on-state to the off-state, while the sec- 
ond and the third elements TR2, TR3 have already been 
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in the off-state. Thus, a surge voltage will occur across 
the emitter and the collector of the first and the fourth 
elements TR1, TR4. The surge voltage Is conducted 
through the bypassing diodes DRS-^DRG, to be ab- 
sorbed by the smoothing capacitor CI . 
[001 4] The tum-off loss will now be described. During 
the transition period from the on-state to the off-state, 
the first and the fourth elements TR1 , TR4 are unsatu- 
rated. At this time, the collector current Id of the first 
element TR1 (and that of the fourth element TR4) re- 
duces than when the element is saturated, while the col- 
lector-emitter voltage VI of the element TR1 (and that 
of the element TR4) Increase. The tum-off loss is deter- 
mined by the product of the collector current fc1 and the 
collector-emitter voltage V1 (see the region Lf1 in Fig. 
2). If IGBTs (Insulated Gate Bipolar Transistors) are 
used for the first and the fourth elements TR1 , TR4, the 
collector current Ic will become zero rather slowly after 
the collector-emitter voltage V1 arises. As a result, the 
turn-off loss becomes greater. 
[001 5] The tum-on loss will now be described. During 
the transition from the off-state to the on-state, the first 
and the fourth elements TR1 , TR4 (or TR2, TR3) be- 
come saturated. Due to this, the collector-emitter volt- 
age V1 of thefirstelement(and that of the fourth element 
as weil) decreases than in the off-state, while the col- 
lector current tc1 of the first element (and that of the 
fourth element) increases. The product of the collector 
current Id and the collector-emitter voltage V1 produc- 
es the tum-on loss (see the region Lnl shown in Fig. 2). 
The tum-on loss is very small in comparison with the 
turn-off loss, and its effect is negligible. 
[0016] Next, the saturation loss will be described. 
When the first and the fourth elements TR1 , TR4 are 
saturated in the on-state, the collector current Ic of the 
first element TR1 is a rated current, and the collector- 
emitter voltage VI is a saturated voltage. Under this 
condition, a saturation loss occurs, which is detemiined 
by the product of the collector current Id and the col- 
lector-emitter voltage VI . The saturation voltage de- 
pends on the properties of the switching elements and 
the drive conditions. Further, the saturation loss, not af- 
fected by the switching frequency, is essentially con- 
stant. Thus, the present invention does not address the 
reduction of the saturation loss. 
[0017] At t=t3 shown in Fig. 2, the switch driver SD 
outputs the second drive signal Tr2 and the third drive 
signal Tr3. Upon receiving the signal, the second ele- 
ment TR2 and the third element TR3 change from the 
off-state to the on-state. At this time, a switching loss 
represented by the region Ln2 will occur. 
[001 8] In synchronism with the second output control 
signal Sc2, the switch driver SD turns off the second and 
the third drive signals Tr2, Tr3 at t=t4 (Fig. 2). Thus, the 
second and the third elements TR2, TR3 change from 
the on-state to the off-state, and a turn-off loss repre- 
sented by the region Lf2 will occur. In addition, a satu- 
ration loss will occur since the second and the third el- 


ements TR2, TR3 operate In the saturated region during 
the on-period T4. The on-periods T3 and T4 are the 
same in length. 

[0019] In the conventional inverter circuit, an unduly 

5 great switching loss ("tum-off loss") will occur when the 
elements TR1 '-TR4 change from the on-state to the off- 
state. When the frequency of the inverter circuit is in- 
creased, the number of switching operations per unit 
time is increased. As a result, the switching loss per unit 

10 time becomes greater. This requires a larger cooling de- 
vice for preventing the overiieat of the switching ele- 
ments TR1-TR4. Accordingly, the power supply as a 
whole becomes bigger, which results in increased costs. 
[0020] The present invention has been proposed un- 

15 der the circumstances described above. It is, therefore, 
an object of the present invention to provide an arc-ma- 
chining power supply whereby the switching loss can be 
significantly reduced than the conventional apparatus. 
[0021] According to the present invention, there Is 

20 provided an arc-machining power supply comprising: a 
DC circuit that outputs DC voltage; an inverter circuit 
that includes a pair of first and fourth switching elements 
and another pair of second and third switching ele- 
ments, the first to the fourth switching elements being 

25 connected to form a bridge circuit for converting the DC 
voltage to high-frequency AC voltage; a transformer that 
converts the high-frequency AC voltage to a voltage 
suitable for a desired arc-machining process; a rectifier 
circuit that rectifies the voltage converted by the trans- 

30 fomier for output of DC voltage; and an output control 
circuit that supplies first and second output control sig- 
nals for perfomiing required feedback control, the first 
output control signal being offsetfrom the second output 
control signal by half a cycle. The present invention is 

35 characterized by further comprising: a power on/off de- 
vice arranged between the DC circuit and the inverter 
circuit for controlling an output from the DC circuit to the 
inverter circuit; an auxiliary capacitor for tuming on the 
power on/off device when input voltage to the power on/ 

40 off device is substantially equal to output voltage from 
the power on/off device; a power on/off driver that turns 
on the power on/off device when the first output control 
signal changes to a high level, and turns off the power 
on/off device when the first output control signal chang- 

45 es to a low level; and an Inverter driver that tums on the 
first and thef ourth switching elements when thef irst out- 
put control signal changes to the high level, and tums 
off the first and the fourth switching elements when the 
first output control signal changes to the low level and 

50 a predetemiined capacitor discharge period elapses, 
the inverter driver being also arranged to turn on the sec- 
ond and the third switching elements when the second 
output control signal changes to a high level, and tum 
off the second and the third switching elements when 

55 the second output control signal changes to a low level 
and a predetermined capacitor discharge period elaps- 
es. 

[0022] Preferably, the power on/off driver may further 
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turn on the power on/off device when the second output 
control signal changes to a high level, and nnay also turn 
off the power on/off device when the second output con- 
trol signal changes to a low level. 
[0023] Preferably, the power supply of the present in- 
vention may further comprise a smoothing circuit that 
includes first and second smoothing capacitors of a 
same capacitance which are connected in series, the 
smoothing circuit being connected in parallel to the DC 
circuit. The power on/off device includes a first power 
on/off switch and a second power on/off switch, the first 
power on/off switch being arranged between a plus side 
of the DC circuit and a plus side of the Inverter circuit 
for controlling the output of the DC circuit, the second 
power on/off switch being arranged between a minus 
side of the DC circuit and a minus side of the inverter 
circuit for controlling the output of the DC circuit. 
[0024] Preferably, the power supply of the present in- 
vention may further conr^rise two diodes, wherein one 
of the two diodes is an-anged between a middle point of 
the smoothing circuit and an emitter side of the first pow- 
er on/off switch, the other of the two diodes being ar- 
ranged between the middle point of the smoothing cir- 
cuit and a collector side of the second power on/off 
switch. 

[0025] Preferably, the power supply of the present in- 
vention may further comprise first and second surge re- 
turn switches, wherein the first surge return switch is ar- 
ranged between a middle point of the smoothing circuit 
and an emitter side of the first power on/off switch for 
conducting a surge voltage to the smoothing circuit, the 
surge voltage occumng when the first and the fourth 
switching elements are tumed off, and wherein the sec- 
ond surge return switch is arranged between the middle 
point of the smoothing circuit and a collector side of the 
second power on/off switch for conducting another 
surge voltage to the smoothing circuit, said another 
surge voltage occurring when the second and the third 
switching elements are tumed off. 
[0026] Preferably, the power on/off driver may turn on 
the first power on/off switch when the first output control 
signal changes to a high level, while also turning on the 
second power on/off switch when the second output 
control signal changes to a high level. Further, the power 
on/off driver may turn off the first power on/off switch 
when the first output control signal changes to a low lev- 
el, while also turning off the second power on/off switch 
when the second output control signal changes to a low 
level. 

[0027] Preferably, the inverter driver may turn on the 
first surge retum switch when the first output control sig- 
nal changes to a low level and the capacitor discharge 
period elapses, the turned-on first surge retum switch 
being turned off after a predetennined length of time. 
Further, the inverter driver may tum on the second surge 
retum switch when the second output control signal 
changes to a low level and the capacitor discharge pe- 
riod elapses, the tumed-on second surge retum switch 


being turned off after a predetermined length of time. 
[0028] Preferably, the capacitor discharge period may 
have a start point and an end point. The start point may 
be defined as a point of time when either of the first and 

5 the second output control signals changes to a low level, 
while the end point may be defined as a point of time 
when an output discharge from the auxiliary capacitor 
becomes smaller than a predetemnlned threshold. 
[0029] Other features and advantages of the present 

10 Invention will become apparent from the detailed de- 
scription given below with reference to the accompany- 
ing drawings. 

[0030] Preferred embodiments of the present inven- 
tion will now be described by way of example only with 
IS reference to the accompanying drawings, in which: 

Fig. 1 is a circuit diagram showing a conventional 
arc-machining power supply; 
Fig. 2 is a timing chart Illustrating the workings of 
20 the conventional power supply; 

Fig. 3 is a circuit diagram showing an arc-machining 
power supply according to an embodiment of the 
present Invention; 

Fig. 4 is a timing chart illustrating the woridngs of 
2s the power supply of the present Invention; 

Fig. 5 is a circuit diagram showing an arc-machining 
power supply according to a second embodiment 
of the present invention; 

Fig. 6 shows the principal components of the invert- 
30 er driver SRC shown In Fig. 5; 

Fig. 7 is a circuit diagram showing an arc-machining 
power supply according to a third embodiment of 
the present invention; 

Fig. 8 shows the principal components of the invert- 
35 er driver SRV shown in Fig. 7; 

Fig. 9 is a circuit diagram showing a high-voltage 
arc-machining power supply according to a fourth 
embodiment of the present invention; 
Fig. 10 is a timing chart illustrating the workings of 
40 the power supply shown in Fig. 9; 

Fig. 11 is a circuit diagram showing a high-voltage 
arc-machining power supply according to a fifth em- 
bodiment of the present invention; 
Fig. 12 is a circuit diagram showing a high-voltage 
45 arc-machining power supply according to a sixth 
embodiment of the present invention; and 
Rg. 13 is a circuit diagram showing a high-vottage 
arc-machining power supply according to a sixth 
embodiment of the present invention. 

50 

[0031] Preferred embodiments of the present inven- 
tion will be described below with reference to the accom- 
panying drawings. 

[0032] Fig. 3 shows an arc-processing power supply 
55 according to a first embodiment of the present invention. 
As seen from the comparison between Fig. 3 and Rg. 
1 , the power supply of the present invention includes the 
same components as those used in the conventional 
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power supply. In Fig. 3, these common parts are desig- 
nated by the same reference signs as used in Fig. 1 . 
The worlclngs of the common components are the same 

as those of the conventional counterparts, and the ex- 
planation about them may not be repeated below. 
[0033] In the present invention again, the first switch- 
ing pair is made up of first and fourth switching elements 
TR1 , TR4, and the second switching pair is made up of 
second and third switching elements TR2, TR3. The first 
and the fourth elements TR1 , TR4 operate in the same 
manner, and the second and the third elements TR2, 
TR3 operate In the same manner. Thus, the workings of 
the first element TR1 and the second element TR2 only 
will be described below. 

[0034J In the power supply of Fig. 3, a switching ele- 
ment TR5 Is disposed between the smoothing capacitor 
C1 and an auxiliary capacitor C2, these three compo- 
nents being connected in series. The switching element 
TR5 serves as a chopper for controlling the voltage from 
the DC supply circuit. The switching element TR5 is by- 
passed by a diode DR7 for protection against high volt- 
age which would otherwise be applied across the ele- 
ment TR5. 

[0035] The auxiliary capacitor C2 is provided for ena- 
bling the null voltage switching of the switching element 
TR5. Even if the auxiliary capacitor C2 is not provided, 
the voltage applied to the inverter circuit becomes zero 
when the switching element TR5 is turned off. Under this 
condition, it is possible for the switching elements of the 
Inverter circuit to perfomn the null voltage switching. 
However, the switching element TR5 suffers from some 
switching loss. With the auxiliary capacitor C2 provided, 
on the other hand, the voltage applied to the switching 
element TR5 becomes zero. As a result, the null voltage 
switching of the element TR5 can be perfomned, while 
the switching elements of the Inverter circuit can be 
tumed off at zero volt. 

[0036] A switch or inverter driver SR outputs a first 
driving signal Tri and a fourth driving signal Tr 4 when 
the first output control signal Sc1 is changed to a IHigh 
level. Then, when the control signal Sc1 is changed to 
a Low level, the Inverter driver SR stops the output of 
the first and fourth driving signals Tr1 , Tr4 after a pre- 
scribed discharge period Ta for the auxiliary capacitor 
has lapsed. Then, when the second output control signal 
Sc2 is changed to a High level, the inverter driver SR 
outputs a second driving signal Tr2 and a third driving 
signal Tr 3. Then, when the control signal Sc2 is 
changed to a Low level, the inverter driver SR stops the 
output of the second and third driving signals Tr2, Tr3 
after the discharge period Ta has lapsed. 
[0037] A power on/off driving circuit C R calculates the 
logical OR of the first and the second output control sig- 
nals Sc1 , Sc2, and also the logical OR of the first ele- 
ment driving signal Tri and the second element driving 
signal Tr2. Further, the driving circuit OR calculates the 
logical AND of the two results obtained by the logical 
OR. The driving circuit OR outputs the result of the log- 


ical AND as a power on/off driving signal Cr. 
[0038] Reference is now made to the timing chart 
shown in Fig. 4 that Illustrates the woricings of the power 
supply of Fig. 3. in the chart, the reference sign Sc1 re- 

5 fers to the first output control signal, the Sc2 to the sec- 
ond output control signal, the Tr1 to the first element 
driving signal, the Tr2 to the second element driving sig- 
nal, the Cr to the power on/off driving signal, the Vc2 to 
the temiinal voltage of the auxiliary capacitor C2, the V1 

10 to the collector-emitter voltage of the first element TR1 , 
the Id to the collector cun-ent of the first element TR1 , 
the V2 to the collector-emitter voltage of the second el- 
ement TR2, the Ic2 to the collector cun-ent of the second 
element TR2, the V5 to the collector-emitter voltage of 

15 the power on/off switching element TR5, and the Ic5 to 
the collector current of the switching element TR5. 
[0039] Upon receiving a startup signal Ts from the 
startup switch TS (see Fig. 3), the output control circuit 
SC outputs the first and the second output control slg- 

20 nats Sc1 , Sc2. The first signal Sc1 has a pulse width T1 , 
and the second signal Sc2 has a pulse width T2. These 
pulse widths are detemiined by the comparison signal 
Er. Upon receiving the first output control signal Sc1 at 
t=t1 , the inverter driver SR outputs a first driving signal 

2S Tri and a fourth driving signal Tr4 identical to the first 
signal Tr1 . Based on these signals, the first and the 
fourth elements TR1 , TR4 are changed from the off- 
state to the on-state. Thus, the collector current Id of 
the first switching element flows. Further, the turn-on 

30 loss represented by the region Ln3 in Fig. 3 occurs at 
the first and the fourth elements TR1 , TR4. The tum-on 
loss is detenmined by the product of the collector current 
Id and the collector-emitter voltage VI . 
[0040] At t=t7, the first output control signal Sd is 

35 turned off. Then, after the predetermined discharge pe- 
riod Ta for the auxiliary capacitor has lapsed (i.e., at 
t=t2), the inverter driver SR tums off the first driving sig- 
nal Tr1 and the fourth driving signal Tr4. During the pe- 
riod T3 (=T1+Ta), the first and the fourth switching ele- 

40 ments TR1 , TR4 are in the on-state, and saturation loss 
will occur. 

[0041] At t=t7, the power on/off driving signal Cr is 
turned off together with the output control signal Sd . 
Accordingly, the switching element TR5 is changed from 
45 the on^tate to the off-state, thereby temiinating the DC 
voltage supply from the DC circuit. During the on-state 
period T5, saturation loss occurs at the switching ele- 
ment TR5. 

[0042] At t=t2, the first and the fourth driving signals 
50 Tr1 , Tr4 are tumed off, whereby the first and the fourth 
elements TRI , TR4 are changed to the off-state. At this 
time, the terminal voltage Vc2 of the auxiliary capacitor 
C2, is already zero. Thus, the first and the fourth ele- 
ments TRI , TR4 are tumed off with the input and the 
55 output voltages being substantially zero, and therefore 
the turn-off loss can be substantially zero. For avoiding 
the above-described ami shorting, the pause T7 is set 
between t==t2 and t=t3. 
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[0043] At t=:t3, the power on/off driving signai Cr Is 
turned on In synchronism with the second element driv- 
ing signai Tr2. Accordingly, the switching element TR5 
is changed to the on-state. At this stage, the auxiliary 
capacitor C2 Is fully charged, which Is indirectly related 
to the lealcage inductance of the main transfonner INT. 
Thus, the switching element TR5 can be turned on, with 
the input and the output voltages being substantially the 
same. 

[0044] At t=t3, upon receiving the second output con- 
trol signal Sc2, the inverter driver SR outputs the second 
element driving signal Tr2 and the third element driving 
signal Tr 3 to change the second and the third elements 
TR2, TR3 to the on-state from the off-state. At this stage, 
the collector current Ic2 of the second element flows, 
and the switching loss (turn-on loss) represented by the 
region Ln4 occurs at the second and the third elements 
TR2, TR3. 

[0045] At t=t8, the second output control signal Sc2 is 
turned off. Then, at t=t4 (after the predetermined dis- 
charge period Ta of the auxiliary capacitor has lapsed), 
the inverter driver SR turns off the second and the third 
element driving signals Tr2, Tr3. During the period T4 
(=T24-Ta), the second and the third elements TR2, TR3 
are In the on-state, and saturation loss occurs. The pow- 
er on/off driving signal Cr for the driving circuit CR is 
turned off together with the second output control signal 
Sc2. During the on-period T5 for the switching element 
TR5, saturation loss will occur. When the switching ele- 
ment TR5 Istumedoff, thesuppty of the DC voltage from 
the DC supply circuit is stopped. 
[0046] At t=t4, the second and the third element driv- 
ing signals Tr2, Tr3 are turned off, to change the second 
and the third elements TR2, TR3 to the off-state. At this 
stage, the temninal voltage Vc2 across the auxiliary ca- 
pacitor C2 is already zero. The second and the third el- 
ements TR2, TR3 are turned off, with the input and the 
output voltages being substantially the same (zero volt), 
whereby the turn-otf toss can be substantially zero. 
[0047] The collector-emitter voltage V5 of the switch- 
ing element TR5 at between t=t7 and t=t2 is caused by 
the discharging and recharging of the auxiliary capacitor 
C2 during the off-period T6 of the switching element 
TR5. The collector current Ic5 of the switching element 
TR5 at between t=t1 and t=t7 Is the collector current Id 
passing through the first switching pair (i.e., TR1 and 
TR4). Similarly, The collector cun^ent Ic5 at between t=t3 
and t=t8 is the collector current Ic2 passing through the 
second switching pair (i.e., TR2 and TR3). 
[0048] Reference is now made to Fig . 5 which Is a cir- 
cuit diagram showing an arc-machining power supply 
according to a second embodiment of the present in- 
vention. In Fig. 5, the same reference signs are used for 
indicating the same components (having the same func- 
tions) as those shown In Fig. 3. 
[0049] The power supply of the second embodiment 
includes a primary cun'ent detecting circuit CT arranged 
between the primary coil of the transformer INT and a 


node connecting the first and the third elements TR1 , 
TR3. The detecting circuit CT detects a primary current 
(the discharge cun^ent from the auxiliary capacitor C2) 
and outputs a primary current detection signal Ct. This 

5 detection signai Ct is inputted to the inverter driver SRC. 
As shown in Fig. 6, the driver SRC is composed of two 
OR gates 0R3, 0R4, two inverter-setup time circuits 
Til, TI2 for the primary current, and four buffer gates 
BF1'-BF4. The first time circuit TI1 begins to operate 

10 when the first output control signal Scl is turned off. The 
time circuit Til changes the discharge period Ta of the 
auxiiiaiy capacitor in accordance with the first current 
detection signal Ct. When the value of the detection sig- 
nal Ct becomes smallerthan a predetennined threshold, 

'5 the time circuit Til tennlnates the discharge period Ta. 
The OR gate 0R3 calculates the logical OR of the first 
output control signal Sc1 and the discharge period Ta, 
to output an OR signal Or3. Then, the OR signal OrS is 
spilt by the first and the fourth buffer gates BF1 , BF4, to 

^ be outputted as the first driving signal Tri and the fourth 
driving signal Tr4. The second time circuit TI2 behaves 
Wke the first time circuit Til . 
[QOSO] Referring to the timing chart shown in Fig. 4, 
the operations of the second embodiment shown in Fig. 

25 5 will now be described. When the first output control 
signal Scl is inputted to the inverter driver SRC at t=t1 , 
the inverter driver SRC outputs the first driving signal 
Tri and the identical fourth driving signal Tr4. Thus, the 
first and the fourth elements TRI , TR4 are changed to 

30 the on-state from the off-state. When the first output con- 
trol signal Sc1 is turned off at t=t7, the first time circuit 
TI1 begins to operate, and detennines the output dura- 
tion of the signal for the period Ta in accordance with 
the first current detection signal Ct. 

35 [0051] Fig. 7 is a circuit diagram showing an arc-ma- 
chining power supply according to a third embodiment 
of the present invention. In Fig. 7, components identical 
or similar to those shown in Fig. 3 are indicated by the 
same reference signs as used in Fig. 3. The power sup- 

40 ply of the third embodiment is the same as that of the 
first embodiment except for the differences described 
below. 

[0052] The power supply of Fig. 7 is provided with a 
primary voltage detection circuit CV which is connected 
45 in parallel to the auxiliary capacitor C2 for detection of 
the discharge voltage of the capacitor C2. The result of 
the detection is outputted as a voltage detection signal 
Cv. 

[0053] As shown in Fig. 8, the inverter driver SRV of 
50 the third embodiment is provided with a voltage compa- 
rator CP and a reference voltage setup circuit VR, none 
of which are present in the inverter driver SRC of Fig. 6. 
The inverter driver SRV is further provided with an in- 
verter-driving setup time circuit TV1 in place of the time 
55 circuit Til of Fig. 6, and with another inverter-driving set- 
up time circuit TV2 in place of the time circuit TI2 of Fig. 
6. The voltage comparator CP compares the voltage de- 
tection signal Cv with the reference voltage setup signal 
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Vr determined by the reference voltage setup circuit VR. 
If the signal Cv is smaller than the signal Vr, the voltage 
comparison signal Cp is turned off. The time circuit TV1 
begins to operate when the first output control signal 
Scl is turned off, and outputs the discharge period sig- 
nal Ta. When the voltage comparison signal Cp is turned 
off, the circuit TV1 terminates the discharge period sig- 
nal Ta. The other operations are the same as In the sec- 
ond embodiment. 

[0054] The workings of the third embodiment shown 
in Fig. 7 will be described with reference to the timing 
chart of Fig. 4. When the first output control signal Scl 
is inputted to the inverter driver SRV at t=t1 , the inverter 
driver SRV outputs the first and the fourth element driv- 
ing signals Tri , Tr4 to change the first and the fourth 
elements TR1 , TR4 to the on-state from the off-state. 
[0055] When the output control signal Scl Is turned 
off at t=t7, the time circuit TV1 shown In Fig. 8 begins to 
operate for output of the discharge period signal Ta. 
Then, the voltage comparator CP compares the voltage 
detection signal Cv with the reference voltage setup sig- 
nal Vr detemnined by the setup circuit VR. If the detec- 
tion signal Cv is smaller than the setup signal Vr, the 
voltage comparator CP tums off the comparison signal 
Cp. When the signal Cp is turned off, the time circuit TV1 
terminates the output of the discharge period signal Ta. 
[0056] Fig. 9 is a circuit diagram showing an arc-ma- 
chining power supply according to a fourth embodiment 
of the present invention. In Fig. 9, components identical 
or similar to those shown In Fig. 3 are indicated by the 
same reference signs used in Fig. 3. 
[0057] The first and the second smoothing capacitors 
C3, C4 are connected in series to each other, while the 
combination of them is connected in parallel to the pri- 
mary rectifier DR1 . The capacitances of the two capac- 
itors C3, C4 are the same. The commercial alternating 
power supply AC supplies voltage ranging from 380V- 
1 5% to 575V+1 5%. The combination of the rectifier DR1 
and the smoothing capacitors C3, C4 provides a high- 
voltage DC circuit. 

[0058] The switching elements TR8, TR9 are alter- 
nately tumed on and off for controlling the voltage supply 
from the high-voltage DC circuit. With the illustrated ar- 
rangement, high voltage is charged in the auxiliary ca- 
pacitor C2 due to the energy of the leakage inductance 
of the main transfomner liMT. This voltage can be higher 
than the rated voltage of the switching elements TR6, 
TR9. To avoid this, surge voltage bypass elements (or 
retum elements) TR7, TR8 are provided for conducting 
the undeslred voltage of the capacitor C2 to the smooth- 
ing capacitors C3, C4. 

[0059] The auxiliary capacitor C2 is provided for al- 
lowing the switching elements TR6. TR9 to be turned 
on, with substantially equal input and output voltages 
(zero voltage) applied to them. It should be noted here 
that, for perfomning zero-voltage switching, the auxiliary 
capacitor C2 is not a must since the voltage applied to 
the inverter circuit becomes zero when the switching el- 


ements TR6, TR9 are tumed off. Without the capacitor 
C2. however, all the switching loss would occur at the 
switching elements TR6 and TR9. 
[0060] In Fig. 9, the high-voltage power on/off driving 

5 circuit HCR calculates the logical AND of the first output 
control signal Scl and the first element driving signal 
Tri , to output the driving signal Tr6 for the switching el- 
ement TR8. When the signal Tri is turned off, the driving 
circuit HCR outputs the driving signal Tr7 of a predeter- 

10 mined duration T1 0 for the surge-evading switching el- 
ement TR7. Further, the driving circuit HCR calculates 
the logical AND of the second output control signal Sc2 
and the second element driving signal Tr2, to output the 
driving signal Tr 9 for the switching element TR9. When 

15 the driving signal Tr2 is tumed off, the driving circuit HCR 
outputs the driving signal Tr8 of a predetermined dura- 
tion Til for the surge-evading switching element TR8. 
[0061] Fig. 1 0 shows a timing chart for illustrating the 
workings of the arc-machining power supply of Fig. 9. 

20 Viewed from the top to the bottom in Fig. 1 0, the caption 
Tri refers to the wavefonn of the first element driving 
signal Tri , the caption Tr2 to the waveform of the second 
element driving signal Tr2, the caption Tr6 to the wave- 
fonn of the first power supply driving signal Tr6, the cap- 

25 tion Tr7 to the wavefonn of the first surge-evading ele- 
ment driving signal Tr7, the caption Tr9 to the wavefonn 
of the second power supply element driving signal Tr9, 
the caption Tr8 to the wavefomi of the second surge- 
evading element driving signal Tr8, the caption Vc2 to 

30 the wavefonn of the voltage applied across the auxiliary 
capacitor C2, the caption VI to the wavefonn of the col- 
lector-emitter voltage of the first switching element TRI , 
the caption Id to the waveform of the collector current 
of the first element TRI , the caption V2 to the wavefonn 

35 of the collector-emitter voltage of the second switching 
element TR2, the caption Ic2 to the wavefonn of the col- 
lector current of the second element TR2, the caption 
V6 to the waveform of the collector-emitter voltage of 
the first power supply on/off switching element TR6, the 

40 caption Ic6 to the collector cun^ent of the switching ele- 
ment TR6, the caption V9 to the colleclor-emittervoltage 
of the second power supply on/off switching element 
TR9, and the caption Ic9 to the collector current of the 
switching element TR9. 

45 [0062] At t=t1 , the first and the fourth switching ele- 
ments TRI , TR4 are changed to the on-state from the 
off-state upon receiving the first and the fourth driving 
signals Tr1 , Tr4. At the same time, the first power supply 
element driving signal Tr6 is outputted to change the 

50 switching element TR6 to the on-state from the off-state. 
At this stage, the voltage Vc2 across the auxiliary ca- 
pacitor C2 is equal to B2, where Eis the voltage of the 
rectified and smoothed power from the power supply 
AC. The voltage E is halved since the two smoothing 

55 capacitors C3, C4 have the same capacitance. As the 
collector cun-ent Id flows, the tum-on loss Indicated by 
the area Ln5 occurs in the first and the fourth switching 
elements TRI , TR4. 
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[0063] Du ring the tum-on period T8, a saturation loss 
occurs in the switching element TR6. When the driving 
signal Tr6 Is turned off at t=t7, the switching element 
TB6 is turned off, and the power supply to the Inverter 
circuit ceases. When the switching element TR6 Is 
turned off, the first smoothing capacitor C3 and the aux- 
iliary capacitor C2 are substantially equally charged. 
Thus, zero voltage is applied to the switching element 
TR6, and no turn-off loss occurs. 
[0064] At t=t2, the driving signals Tri , Tr4 are turned 
off, to change the first and the fourth switching elements 
TBI . TR4 to the off-state from the on-state. This is done 
after the auxiliary capacitor discharge period Ta has 
passed (i.e., the auxiliary capacitor C2 has discharged 
a sufficient amount of charge). Thus, the turn-off loss is 
substantially zero by the turntng-off of the first and the 
fourth switching elements. Then, when the stored 
charge of the capacitor C2 becomes substantially zero, 
the surge-evading switching element TR7 is turned on, 
which causes no turn-on loss. The element TR7 Is held 
in the on-state for a predetermined period T10. 
[0065] By turning off the first and the fourth switching 
elements TRI , TR4, the auxiliary capacitor C2 begins 
to be charged due to the electromotive force caused by 
the energy of the lealcage Inductance of the transfonner 
INT and the capacitor C2. When the voltage Vc2 across 
the capacitor C2 becomes greater than £/2 (the voltage 
across the smoothing capacitor C3), a current flows 
through the surge-evading switching element TR7, and 
the voltage Vc2 across the capacitor C2 remains to be 
EI2. 

[0066] For prevention of the ami short (the short- 
circuiting In the bridge coupling of the inverter circuit), a 
pause T7 is provided between t=:t2 and t=t3. At t=t3, the 
driving signals Tr2, Tr3 are outputted to change the sec- 
ond and the third switching elements TR2, TR3 to the 
on-state from the off -state. Also, the driving signal Tr9 
is outputted to change the second power supply on/off 
switching element TR9 to the on-state from the off-state. 
The voltage Vc2 across the auxiliary capacitor C2 is B 
2. As the collector'current Ic2 of the second element 
flows, the tum-on loss indicated by the area Ln6 occurs 
in the second and the third switching elements TR2, 
TR3. 

[0067] Du ring the tum-on period T9, a saturation loss 
occurs in the switching element TR9. When the driving 
signal Tr9 is tumed off at t=t9, the switching element 
TR9 is turned off, and the power supply to the inverter 
circuit ceases. When the switching element TR9 Is 
tumed off, the smoothing capacitor C4 and the auxiliary 
capacitor C2 are substantially equally charged. Thus, 
zero voltage is applied to the switching element TR9, 
and no turn-off loss occurs. 

[0068] At t=t4, the driving signals Tr2, Tr3 are turned 
off, to change the second and the third switching ele- 
ments TR2, TR3 to the off-state from the on-state. At 
this stage, the charge stored In the auxiliary capacitor 
C2 is zero, and thus the tum-off loss is substantially ze- 


ro. Then, while the stored charge of the capacitor C2 is 

zero, the surge-evading switching element TR8 is 

tumed on. Advantageously, this causes no tum-on loss. 

With the second and the third switching elements TR2, 
5 TR3 being tumed off, the auxiliary capacitor C2 begins 

to be charged due to the electromotive force caused by 

the energy of the leakage inductance of the transfonmer 

INT associated with the capacitor C2. 

[0069] For preventing the amn short, a pause Is pro- 
10 vided between t=t4 and t=t6. 

[0070] Thereafter, the above-described processes 

are repeated. 

[0071 ] Fig. 1 1 is a circuit diagram showing a high-volt- 
age arc-machining power supply according to a fifth em- 
's bodiment of the present invention. In Fig. 11, compo- 
nents Identical or similar to those of the fourth embodi- 
ment are indicated by the same reference signs as used 
In Fig. 9. 

[0072] A cun^ent detecting circuit CT is arranged be- 

20 tween the primary coil of the transf omier INT and a node 
connecting the first and the third switching elements 
TR1, TR3. The detecting circuit CT detects a primary 
cun^ent (i.e., the current discharged from the auxiliary 
capacitor C2) and outputs a cun^ent detection signal Ct. 

25 The inverter driver SRC perf omns the same functions as 
those of the inverter driver of the second embodiment. 
[0073] The worl<ings of the power supply of the fifth 
embodiment will be described with reference to the tim- 
ing chart shown In Fig. 1 0. At t=t1 , the first output control 

30 signal Scl (not shown in Fig. 10) is inputted to the in- 
verter driver SRC. Upon receiving the signal, the invert- 
er driver SRC outputs the switching element driving sig- 
nals Tri , Tr4 to change the first and the fourth switching 
elements TR1 , TR4 to the on-state from the off-state. 

35 [0074] At t=t7, the output control signal Scl is turned 
off, and the switching element setup time circuit TI1 be- 
gins to operate to output a switching element setup sig- 
nal Ta. The on-period of the signal Ta is detemnlned on 
the basis of the current detection signal (i.e., the current 

40 discharged from the auxiliary capacitor 02) Ct. Specifi- 
cally, when the cun^ent detection signal Ct is smaller 
than a predetemnined threshold, the on-period of the sig- 
nal Ta Is temrilnated. 

[0075] Fig. 12 Is a circuit diagram showing a high-volt- 
45 age arc-machining power supply according to a sixth 
embodiment of the present invention, in Fig. 12, com- 
ponents Identical or similar to those of the power supply 
of the fourth embodiment are indicated by the same ref- 
erence signs as used in Fig. 9. 
50 [0076] The voltage detecting circuit CV is connected 
in parallel to the auxiliary capacitor C2. The circuit CV 
detects the voltage across the capacitor C2 (i.e., the 
voltage discharged from the capacitor C2) and outputs 
the voltage detection signal Cv. The switching element 
55 driver SRV perfonns the same functions as those of the 
switching element driver of the third embodiment. 
[0077] The workings of the sixth embodiment will be 
described with reference to the timing chart shown in 
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Fig. 10. At t=t1 , the first output controi signal Sc1 is in- 
putted to the inverter driver SRV. Upon receiving the sig- 
nal Scl , the inverter driver SRV outputs the driving sig- 
nals Tr1 , Tr4 to change the first and the fourth switching 
elements TR1 , TR4 to the on-state from the off-state. 
[0078] At t=t7, the output control signal Scl is turned 
off, and the switching element setup time circuit TV1 be- 
gins to operate to output a switching element setup sig- 
nal Ta. The voltage comparator CP compares the volt- 
age detection signal Cv with the reference voltage setup 
signal Vr (zero voltage) detemnlned by the reference 
voltage setup circuit VR. if the voltage detection signal 
Cv Is smaller than the reference voltage setup signal Vr, 
the voltage comparison signal Cp is turned off, which 
terminates the output of the setup signal Ta. 
[0079] Fig. 1 3 is a circuit diagram showing a high-volt- 
age arc-machining power supply according to a seventh 
embodiment of the present invention, in Fig. 13, com- 
ponents Identical or similar to those of the power supply 
of the fourth embodiment are indicated by the same ref- 
erence signs as used in Fig. 9, 
[0080] The high-voltage power supply of the seventh 
embodiment is basically the same to that of the fourth 
embodiment (Fig. 9) except that the surge-evading 
switching elements TR7 and TR8 of the fourth embodi- 
ment are omitted. 

[0081] In the power supply shown in Fig. 13, the ca- 
pacitance of the auxiliary capacitor C2 is chosen so that 
all the electromotive force caused by the energy of the 
leal(8ge inductance of the transformer INT is used to 
charge the auxiliary capacitor 2, and also that the volt- 
age across the auxiliary capacitor 2 is not greater than 
the rating voltages of the first-fourth switching ele- 
ments TR1 -TR4. 

[0082] The workings of the seventh embodiment will 
be described with reference to the timing chart shown 
in Fig. 10. At t=t7, the switching element TR6 is turned 
off, to terminate the supply of power from the smoothing 
capacitor C3 to the inverter circuit. The turning-off of the 
switching element TR6 is perfomned when the smooth- 
ing capacitor C3 and the auxiliary capacitor C2 are 
equally charged. Under this condition, the voltage 
across the switching element TR6 is zero, and therefore 
the turn-off loss can be zero. 

[0083] At t=t2, the first and the fourth driving signals 
Tri and Tr4 are tumed off, to turn off the first and the 
fourth switching elements TRI and TM. At this stage, 
the voltage charged in the auxiliary capacitor C2 has al- 
ready been zero. Thus, the turn-off loss at the elements 
TRI and TR4 is zero. During the On-period T3, some 
saturation loss occurs at the elements TRI , TR4. 
[0084] At t=t2, the first and the fourth switching ele- 
ments TR1 , TR4 are tumed off. At this stage, electro- 
motive force is generated due to the energy of the leak- 
age inductance of the transformer INT and to the auxil- 
iary capacitor C2, and the capacitor C2 begins to be 
charged. According to the seventh embodiment, as not- 
ed above, the charge to be stored in the capacitor C2 


does not exceed the rating voltage of the first-fourth el- 
ements TRI -TR4 by suitable adjustment of the capac- 
itance of the capacitor C2. 

[0085] According to the seventh embodiment, the ca- 

5 pacltance of the capacitor C2 is optimized, which con- 
tributes to the omission of the surge-evading switching 
elements TR7, TR8 shown In Fig. 9. 
[0086] As seen from the above description, the arc- 
machining power supply of the present invention in- 

10 eludes a DC circuit and an inverter circuit, where the 
fomrier converts AC voltage of the commercial power 
source into DC voltage, and the latter receives the con- 
verted DC voltage from the DC circuit. Between the DC 
circuit and the inverter circuit, there is a power on/off 

IS switching device for controlling the power supply from 
the DC circuit to the inverter circuit. 
[0087] The Inverter circuit comprises two switch pairs 
(each pair consisting of two transistors) connected by 
bridge coupling, where one switch pair and the other are 

20 alternately tumed on and off. According to the present 
Invention, the power on/off switching device is turned off 
to terminate the supply of DC voltage to the inverter cir- 
cultf rom the DC circuit before any one of the switch pairs 
are changed from the on-state to the off-state. In this 

2s manner, a turn-off loss at the switch pairs can be sub- 
stantially zero. With the minimized turn-off loss, the op- 
eration frequency of the inverter circuit can be much 
higher than is conventionally possible, which enables 
the downsizing of the cooling system for the inverter's 

30 switch pairs and the downsizing of the main transformer. 
[0088] With the Incorporation of the power on/off 
switch between the DC circuit and the Inverter circuit, 
the arc-machlnlng power supply of the present invention 
may incur an additional saturation loss caused by the 

35 power on/off switch. It should be noted, however, that 
the additional saturation loss Is a mere trifle In the pres- 
ence of the signifk:ant reduction in the turn-off loss at 
the switch pairs of the inverter circuit. 

40 

Clainis 

1 . An arc-machining power Supply comprising: 

45 a DC circuit (AC.DR1 ,C1 ; AC.DRI ,C3,C4) that 

outputs DC voltage; 

an inverter circuit that includes a pair of first and 
fourth switching elements (TRI ,TR4) and an- 
other pair of second and third switching ele- 
50 ments (TR2,TR3), the first to the fourth switch- 

ing elements being connected to form a bridge 
circuit for converting the DC voltage to high-fre- 
quency AC voltage; 

a transformer (If^ that converts the high-fre- 
55 quency AC voltage to a voltage suitable for a 

desired arc-machining process; 
a rectifier circuit (DR2) that rectifies the voltage 
converted by the transfonner for output of DC 
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voltage; and 

an output control circuit (SC) that supplies first 
and second output control signals (Sol .Sc2) for 
performing required feedback control, the first 
output control signal being offset from the sec- s 
ond output control signal by half a cycle; char- 4. 
actertzed by further comprising: 

a power on/off device (TR5; TR6,TR7) ar- 
ranged between the DC circuit and the in- io 
verter circuit for controlling an output from 
the DC circuit to the inverter circuit; 
an auxiliary capacitor (02) for turning on 
the power on/off device when Input voltage 
to the power on/off device is substantially 15 5. 
equal to output voltage from the power on/ 
off device; 

a power on/off driver (CR; HCR) that turns 
on the power on/off device when the first 
output control signal changes to a high lev- 20 
el, and turns off the power on/off device 
when the first output control signal chang- 
es to a low level; and 
an inverter driver (SR; SRC; SRV) that 
turns on the first and the fourth switching 2s 
elements when the first output control sig- 
nal changes to the high level, and turns off 
the first and the fourth switching elements 
when the first output control signal chang- 
es to the low level and a predetennlned ca- so 
pacitor discharge period elapses, the in- 6. 
verter driver being also arranged to tum on 
the second and the third switching ele- 
ments when the second output control sig- 
nal changes to a high level, and tum off the 35 
second and the third switching elements 
when the second output control signal 
changes to a low level and a predeter- 
mined capacitor discharge period elapses. 

40 

2. The power supply according to claim 1 , wherein the 
power on/off driver further turns on the power on/off 
device when the second output control signal 7. 
changes to a high level, and also turns off the power 

on/off device when the second output control signal 
changes to a low level. 

3. The power supply according to claim 1 or 2, further 
comprising a smoothing circuit that includes first 
and second smoothing capacitors (C3,C4) of a ^ 
same capacitance which are connected In series, 

the smoothing circuit being connected in parallel to 
the DC circuit, wherein the power on/off device in- 
cludes a first power on/off switch (TR6) and a sec- 
ond power on/off switch (TR9), the first power on/ 55 
off switch being an^anged between a plus side of the 8. 
DC circuit and a plus side of the inverter circuit for 
controlling the output of the DC circuit, the second 


power on/off switch being arranged between a mi- 
nus side of the DC circuit and a minus side of the 
inverter circuit for controlling the output of the DC 
circuit. 

The power supply according to claim 3, further com- 
prising two diodes (DR9, DR10), wherein one of the 
two diodes is arranged between a middle point of 
the smoothing circuit and an emitter side of the first 
power on/off switch, the other of the two diodes be- 
ing arranged between the middle point of the 
smoothing circuit and a collector side of the second 
power on/off switch. 

The power supply according to claim 3 or 4, further 
comprising first and second surge return switches 
(TR7,TR8), wherein the first surge retum switch is 
an'anged between a middle point of the smoothing 
circuit and an emitter side of the first power on/off 
switch for conducting a surge voltage to the smooth- 
ing circuit, the surge voltage occumng when the first 
and the fourth switching elements are turned off, 
and wherein the second surge return switch is ar- 
ranged between the middle point of the smoothing 
circuit and a collector side of the second power on/ 
off switch for conducting another surge voltage to 
the smoothing circuit, said another surge voltage 
occurring when the second and the third switching 
elements are turned off. 

The powersupply according to claim 4 or 5, wherein 
the power on/off driver turns on the first power on/ 
off switch when the first output control signal chang- 
es to a high level, while also turning on the second 
power on/off switch when the second output control 
signal changes to a high level, and wherein the pow- 
er on/off driver turns off the first power on/off switch 
when the first output control signal changes to a low 
level, while also turning off the second power on/off 
switch when the second output control signal 
changes to a low level. 

The power supply according to claim 5 or 6, wherein 
the inverter driver turns on the first surge return 
switch when the first output control signal changes 
to a low level and the capacitor discharge period 
elapses, the turned-on first surge retum switch be- 
ing turned off after a predetemiined length of time, 
and wherein the inverter driver further turns on the 
second surge return switch when the second output 
control signal changes to a low level and the capac- 
itor discharge period elapses, the tumed-on second 
surge retum switch being tumed off after a prede- 
termined length of time. 

The power supply according to any one of claims 
1 --7, wherein the capacitor discharge period has a 
start point and an end point, the start point being 
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defined as a point of time when either of the first 
and the second output control signals changes to a 
low level, the end point being defined as a point of 
time when an output discharge from the auxiliary 
capacitor becomes smaller than a predetermined 5 
threshold. 
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